vitamin D to calcitriol requires the binding of vitamin D receptor (VDR) and the complex of vitamin D-VDR-retinoid X receptor complex to regulate the cell proliferation, cell cycle, and apoptosis-related genes. 6 High levels of VDR mediate the activation of vitamin D as active vitamin D [1,25 (OH)2D3], which could inhibit the proliferation of normal prostate tissue and PCa epithelial cells, thus inhibiting the growth of PCa cells. 4 This discovery suggested that the variation in VDR gene affects the prognosis or risk of PCa. TaqI, one of the most extensive single-nucleotide polymorphisms located in exon 9 of VDR gene might alter VDR mRNA levels. This is through regulation of mRNA stability and the protein translation efficiency, which may be responsible for the reduction in VDR level. [7] [8] [9] Currently, existing evidence is insufficient to draw robust conclusions. 10, 11 Three previous meta-analyses have identified that there are no positive results in VDR TaqI polymorphism and PCa development, 7, 12, 13 while study of Fei et al showed an inversed result in Asian population. Regrettably, no further subgroup analysis was conducted in different countries. 14 The inclusion of population with benign prostatic hyperplasia (BPH) as control group is noted, and a relation of VDR TaqI polymorphism to BPH risk was also reported in some other studies. Our study considered the subjects as 1) healthy group, 2) BPH group, and 3) case group. Four new studies have provided additional data. [15] [16] [17] [18] We, therefore, conducted an updated meta-analysis to investigate the role of VDR TaqI polymorphism and PCa risk.
Methods literature and research strategy
PubMed, Scopus, Embase, Web of Science, Chinese National Knowledge Infrastructure, Wang Fang data, and VIP Periodical were searched using the following terms: ("Polymorphisms") and ("vitamin D receptor" OR "vitamin D3 receptor" OR "1,25-dihydroxyvitamin D3 receptor" OR "calcitriol receptor" OR "VDR"") and ("PCa" OR "prostate neoplasm" OR "prostate tumor" OR "prostate carcinoma" OR "prostatic neoplasm"). Articles related to the association of VDR Taq1 polymorphisms and Asian PCa risk were obtained. Various combinations of the terms were also used in other databases. Literature search data were last updated on October 10, 2016 . No limitations were attached.
inclusion and exclusion criteria
In this meta-analysis, it was a must for selected studies to meet the following criteria: (1) Studies that performed the associations of VDR Taq1 genetic polymorphisms and PCa;
(2) Study objects belonged to the Asian population; (3) Local stage PCa was defined as clinical and pathological stage of T1-T2N0M0 or stage A-B; advanced PCa was defined as tumor invasion outside the prostate envelope or cancer metastasis to the lymph nodes or other organ tissue, clinical pathological stage for T3-T4NxMx or TxN1 or M1; stage C and D; (4) Gleason stage: low grade (Gleason ,7) and high grade (Gleason $7); (5) The odds ratios (ORs) with 95% CIs could be calculated or provided through detailed genotype data in casecontrol, cohort groups, and GWAS studies. Exclusion criteria: (1) No detailed genotype data or the raw data were available for retrieval; (2) Comments, review articles, editorials, and other metaanalysis; (3) For multiple publications from the same population/area, only the largest sample was included.
Data extraction and synthesis
Data of eligible studies were extracted independently by 2 independent reviewers, including the following contents: name of first author, year of publication, country of origin, characteristics of cases and controls, number of cases and controls, sources of controls, pathologic diagnosis, clinical pathologic staging, Gleason score, and Newcastle-Ottawa Scale (NOS). Extracted data with discrepancies in identification were discussed to reach a consensus. A third investigator assisted by adjudicating the disagreements if dissent still existed.
evaluation of the eligible studies' quality
We used the NOS to evaluate each in accordance with the requirements of article quality, NOS score a total of 9 points, while each indicator score 1 point. If the score .4 points, it was considered to be a high quality article. 19 
statistical analysis
We evaluated the pooled OR and 95% CI to indicate the relationship between VDR gene Taq1 polymorphism and susceptibility to PCa by Z-test, with P , 0.05 considering as statistically significant. Statistical heterogeneity among studies was carried out by the Q statistic (significance level of P , 0.1) and I 2 statistic (.50% as evidence of significant inconsistency). 20, 21 The Q-test and I 2 statistic were applied to determine the effect models according to heterogeneity. When P-value of heterogeneity (P H ) was no .0.1 (P H # 0.1), random effects model was used, and when P H was .0.1, 
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22 Sensitivity analysis was also tested by removing 1 study at a time, to evaluate the effect of removal and effect of size of each study on the homogeneity of the whole. In addition, subgroup analyses were stratified by countries, cancer stages, and Gleason stages. Publication bias was investigated with Begg's funnel plots and further assessed by the Egger's regression test. 23, 24 When an asymmetric plot was shown or Egger's test was P , 0.05, we considered it as a significant publication bias. Besides, Hardy-Weinberg equilibrium (HWE) was implemented to identify the effective records in our study. All analyses were performed with Stata 13.0 software (StataCorp, College Station, TX, USA). A 2-tailed P # 0.05 was regarded as significant, except for specified conditions, for which a certain P-value was declared.
Results

study selection and characteristics
A flow diagram of literature research and process is shown in Figure 1 . Each study was retrieved and carefully reviewed according to the inclusive and exclusive criteria. Ultimately, a total of 13 articles reporting the relationship between Taq1 polymorphisms and PCa risk in Asian population were identified through both English and Chinese databases, [15] [16] [17] [18] [25] [26] [27] [28] [29] [30] [31] [32] [33] including 1,363 cases and 2,101 controls (including healthy and BPH). Quality of each included article was evaluated by NOS, and each had a score of $5, meaning a high quality, as listed in Table 1 . In addition, we found that 3 studies did not meet HWE. 15 (Figure 2A , D and G). Begg's test revealed no publication bias ( Figure 2B , E and H), and the sensitivity analysis was stable ( Figure 2C , F and I).
Previous study suggested that the inclusion of population with BPH as control group may bias the pooled results to a varying degree.
14 In order to draw attention to this point, we divided the control into 2 groups, BPH and non-BPH control. As a result, a marked association was performed with Taq1 Figure 3A , D, G, J and M), while no significant difference was found between BPH and non-BPH subgroup. The results revealed that VDR Taq1 polymorphism was not associated with BPH. Begg's test revealed no publication bias, and the sensitivity analysis was stable (Table 2 and Figure 3 ).
association of VDr gene Taq1 polymorphism with Pca risk in different asian countries
We performed a subgroup analysis according to different Asian countries. As shown in Figure 4 and Figure 4B and E), and the sensitivity analysis represented a good stability ( Figure 4C and F 
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Note: T vs t (A-C), TT vs Tt (D-F), TT vs tt (G-I), TT vs (Tt/tt) (J-L) and (TT/Tt) vs tt (M-O) were analyzed by fixed models.
Abbreviations: BPh, benign prostatic hyperplasia; Or, odds ratio.
Study ID OR (95% CI) % weight
Habuchi et al, 27 
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Watan et al, 25 Habuchi et al, 27 (2000) Hamasaki et al, 28 Table 4 and Figure 5 ). As shown in Table 5 , in the Gleason subgroup analysis, the combined results showed no significant association between Gleason ,7 vs control group, but the T allele and TT genotype were significantly higher in Gleason $7 group than control group or Gleason ,7 (Table 5 and Figure 6 ).
sensitivity and heterogeneity analysis
Sensitivity analysis was performed to test data stability by omitting one study at a time. The significance of all ORs was unchanged. A sensitivity analysis indicated that an independent study by Liu et al 17 was the principal reference for heterogeneity of TaqI polymorphism in the development of BPH. 
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Potential role of VDr polymorphisms on Pca Hamasaki et al, 28 (2001) After the exclusion of this study, we found it did not reduce the between-study heterogeneity obviously, and the outcome remained no statistical significance in the development of BPH (Table 2 ). In the subgroup analysis of Gleason $7 vs Control or Gleason $7 vs Gleason ,7, the sensitivity analysis indicated that an independent study by Suzuki et al 16 was the principal reference for heterogeneity of TaqI polymorphism in Gleason stage. After the exclusion of this study, the heterogeneity was effectively decreased or was eliminated (Table 5) .
Discussion
Studies have shown that VDR Taq1 polymorphisms were associated with susceptibility to several carcinomas, such as breast cancer, oral cancer, and PCa. [34] [35] [36] [37] However, the association between VDR Taq1 genetic polymorphisms and PCa risk is still controversial, which may be caused by unscientific research or insufficient subjects and control numbers used in studies. In a study of Taylor et al, which included 96 cases of PCa and 162 non-BPH controls, they revealed that subjects carrying tt genotype have lower risk of PCa compared with TT/Tt genotype (OR = 0.32, 95% CI =0.15-0.75, P , 0.01). 8 Recently, similar results were also reported in studies by Liu et al, 38 Guo et al, 39 and Bonilla et al 40 , while 3 other studies 12, 41, 42 showed different conclusions. To evaluate the association of VDR Taq1 genetic polymorphisms and susceptibility to PCa in Asian population, a comprehensive study of the previous research was performed by an updated systematic meta-analysis, which is the newest and most complete.
In the study of Fei et al, 14 they mentioned that inclusion of population with BPH as control may bias the results. So we divided the subjects as 1), healthy, 2), BPH, and 3), case group. Combined analysis of 4 studies suggested no significant correlation between Taq1 VDR polymorphism and BPH risk. Besides, we conducted a subgroup analysis according to different Asian countries, which is an important biological factor that may affect the function of VDR by gene interaction. Interestingly, no association was shown except in the Japanese population. These inconsistent phenomena in different Asian countries may be a result of discrepant environmental conditions. According to the different classification methods, TNM stage is based on the size of tumor diameter, lymph node metastasis, and distant metastasis staging, while Gleason stage is based on the degree of gland differentiation and tumor growth in the interstitial tissue. 43 These 2 methods are independent, but could be complementary to assess the risk of cancer. Fei et al's study showed the genotypes TT and TT/Tt were significantly higher in the advanced PCa group compared with the control group, indicating that T allele is risker and easier to advanced stage, 14 which was consistent with our results (Table 4 and Figure 5 ), while no statistically significant difference was shown according to Gleason staging. But in our study, we found a higher frequency of T allele gene and TT genotype in the Gleason $7 stage PCa compared with Gleason ,7 or Control, suggesting that PCa patients carrying T allele and TT genotype are more prone to entering an advanced stage (Table 5 and Figure 6 ).
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Potential role of VDr polymorphisms on Pca Moreover, there are several limitations of this metaanalysis. 1) Observational studies are susceptible to a wide variety of biases, such as genotyping errors, allelic heterogeneity, and selection bias; 2) in some studies, lack of clear explanation for the pathologic diagnostic results of subjects. The pathogenesis of sporadic PCa differs with hereditary PCa, which may lead to inevitable selection bias; 3) the conclusions of Gleason staging subgroup analyses might be limited because of a low statistical power of the small sample size; and 4) besides genetic polymorphisms, many factors, such as occupation, diet, smoking, age, and other confounding factors might contribute to the development of PCa.
Conclusion
Our results suggest that the VDR TaqI polymorphism might be associated with PCa risk in Asian male population, especially in the Japanese population. Moreover, PCa patients carrying T allele and TT genetype more easily progress to advanced stage. Therefore, these results indicate a high specificity and valuable biomarker to detect potential PCa in Asian population. Further steps should be taken to evaluate the gene-to-gene and gene-to-environment combined effect, and the total population and/or selected populations with different environmental background are urgently needed to conduct large scale multi-center epidemiological studies.
